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Abstract. A lack of pedagogy in courseware can lead to learner rejec-
tion. It is therefore vital that pedagogy is a central concern of courseware
construction. Courseware validation allows the course creator to specify
pedagogical rules and principles which courseware must conform to. In
this paper we investigate the information needed for courseware valida-
tion and propose an information architecture to be used as a basis for
validation.
1 Introduction
The combination of instructional logic with componentised learning content
known as Learning Objects (LOs) using learning technology is known as course-
ware. To produce quality courseware, course creators aim to apply specific ped-
agogical principles to courseware they create. This can be difficult, especially
when there are seemingly more pressing issues for courseware delivery, such as
standards compliance and deadlines. Unfortunately, the neglection of pedagogy
can lead to a course which confuses, demotivates and/or isolates the learner,
ultimately leading to the rejection of the course [9].
The importance of pedagogy are therefore paramount. [8] specifies post-
construction course validation or auditing as an essential part of a holistic course
construction methodology. Checking courseware adheres to some specified peda-
gogy, which the course creator is committed to, is now possible to automate due
to the formal separation of learning design from content [1, ?] and the annotation
of learning content with metadata [7].
From our investigation we have found the literature does not address the di-
versity of information available for courseware validation. The CoCoA tool maps
a course to a concept map so to reason about learning material in the context
of the concept map [3]. Baldoni et. al. have investigated the use of logics in
courseware validation [2]. In our research we attempt to address the diversity of
information available for courseware validation. In this paper we introduce an
information architecture which allows for the explicit representation of the infor-
mation needs of courseware validation. In order to validate courseware, we must
identify the various information elements necessary for courseware construction,
and bring these elements together under the context of an information architec-
ture for courseware validation.
2 Identification of Information Needs for Courseware
Validation
For the course creator, course validation is a complex task, which involves eval-
uating courseware using the masses of information and knowledge available post
construction. This might mean delegating different tasks to experts. Validation
of course structure and pedagogy may be delegated to an instructional design
expert, while content related issues, could be delegated to a subject matter ex-
pert.
In order for the courseware validation process to be automated the knowledge
and information the course creator calls on to make course validation decisions
must be identified.
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Fig. 1. Course Construction Elements
In figure 1 we outline the different course creation elements coming together
to create a course. The course domain information is specified by a domain
expert. The scope of the course is usually set by some external force such as the
body who accredits the course by setting the pre-requisites and the learning goals
of the course. The instructional logic is specified by the instructional designer
based on his or her knowledge of pedagogical principles.
3 Layered Architecture for Course Validation
3.1 Architectural Overview
Course aspects are the information which define the ideal scope, content, and
design of a course. During course construction these aspects can unknowingly
be compromised by the course creator (For example in a case where aspects are
set by an individual or body which is not involved in course construction) . By
making these aspects explicitly available at the post-construction/pre-delivery
stage of the course life-cycle, aspects can then be used to determine the validity
of courseware.
By identifying the implicit aspects of course creation and making them ex-
plicit and available post-course construction/pre-delivery, we hope to be able
to validate the courseware using the aspects identified in figure 1. The aspects
of course construction which we have identified must be formalised in order for
their use in course validation.
Course construction aspects can be explicitly represented in a layered archi-
tecture, similar to that used in the LAOS architecture discussed in [4].
Our layered architecture consists of a domain model, a goal and constraint
model, a learner model, a course specification, and a validation model. The
domain model describes the course domain in a formalised fashion, this allows
for a validator to indicate whether there are problems with how the course is
structured with reference to the domain being taught. The goal and constraints
model allows the course creator to specify the goals of the course and constraints
on the domain such as pre-requisite constraints in the context of the domain
model. The learner model is used to model any information the course creator
might have about the learner, such as assumed knowledge (possibly the course
pre-requisites). The course layer is a formalism of the course, typically using
one of the popular courseware specifications [1, 6]. The validation model allows
the course creator to specify what is and what is not valid in a course (i.e. the
pedagogical principles for the course).
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Fig. 2. (a) Domain model, (b) goal and constraint model layered on domain model,
(c) learner model layered on domain model and goal and constraint model
3.2 The Domain Model
A domain model at its simplest level is a conceptual graph, where a node repre-
sents a concept and an edge represents a relationship between concepts. Figure
2(a) demonstrates the formalisation of a domain model. A domain model should
be pedagogically neutral.
Ideally a domain model should be located from a respected third party, such
as the curriculum development ontology being developed for the U.S. National
Science, Mathematics, Engineering, and Technology Education Digital Library
(NSDL) [5]. Domain models may be altered by the course creator to align it with
the course creators view of the domain.
3.3 The Goal and Constraints Model
The goal and constraint model represents fundamental pedagogical information.
Overlaid on the domain model, the goal and constraint model can specify the
goal concepts in a domain model (what concepts the course aims to teach), and
instructional constraints such as pre-requisite concepts indicating a conceptual
ordering constraint.
In figure 2(b) the goal and constraint model is in indicated by a dashed
line, modeled on top of the domain model. The dashed ellipse in the goal and
constraint model indicates the goals of the course (the concepts to be covered
in the course. The dashed arrows labeled “p” denote a pre-requisite relationship
between concepts. The “OR” relationship between two concepts indicates that it
will suffice for the purposes of this course that only one of the concepts referenced
by the “OR” relationship will suffice.
3.4 The Learner Model
A learner model can be used to capture learner knowledge at a given point in
time, and also learner preferences and details. In course validation we can use
a learner model to capture the assumed knowledge the learner will have when
initially taking the course (the course pre-requisites). The learner model is a
necessary layer of the validation architecture as there may be concepts in the
course which are not within the scope of the course as specified by the goal
and constraint model. One of the concepts outside the scope of the course may
be a pre-requisite of one of the concepts in the course, but knowledge of this
pre-requisite concept is assumed by the course creator. In order for a validation
engine to recognise the learner’s initial assumed knowledge it must be modeled.
Figure 2(c) demonstrates a concept which is outside the goals of the course
(dotted circle) and is a pre-requisite of a concept, which is a goal concept. The
pre-requisite concept is assumed knowledge as it is part of the learner model
(dashed circle), therefore the absence of the pre-requisite concept in the course
will not cause the course to be invalid.
3.5 The Course Model
A course structure can be modeled as a Directed Cyclical Graph (DCG). Learn-
ing resources can be found at numerous points of the DCG. A learners traver-
sal through the DCG depends on variables, such as assessment results, learning
styles, feedback, which are assessed at run-time at branching points in the course.
Learning resources in the course are annotated using some standardised annota-
tion language such as IEEE LOM [7]. This annotation maps the learning resource
to the concept(s) it addresses in the domain model.
The diagram in figure 3 demonstrates how each LO in a course can be as-
sociated with a concept in a domain model, by referencing the concept the LO
addresses (LO conceptual annotation is indicated in the diagram with an arrow
from a LO to a concept). LO conceptual associations can be used to group LOs.
Grouping are made up of LOs concerned with the same concept. This type of
LO grouping is demonstrated in the diagram in figure 2 (dotted circles indicates
conceptual groupings). Once we can group LOs by concept we can discriminate
pedagogical strategy between strategies concerned with inter-conceptual peda-
gogical issues (strategy concerning sequencing of the actual conceptual group-
ings) and those concerned with intra-conceptual pedagogical (pedagogical strat-
egy concerning the LOs within each conceptual grouping).
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Fig. 3. Grouping LOs according to the concept they cover
3.6 The Validation Model
The Validation Model looks to capture pedagogical rules, which the course model
must adhere to. At the validation model layer the course creator can express
undesirable properties of a course.
Validation can be split into two distinct parts, validation which concerns one
domain concept (i.e. intra-conceptual validation) and validation which looks at
how the course proceeds from one concept to another in the course (i.e. inter-
conceptual validation). Typical intra-conceptual validation will ensure that each
concept teaches that concept in a uniformed manner, such as “an example will
be provided with each new concept presented to the learner”. Inter-conceptual
sequencing might ensure that the conceptual sequencing strategy is one where
more general concepts are presented to the learner before more specialised ones.
4 Discussion
In this paper we have given an overview of the information needs for the vali-
dation of courseware. We have then taken the information needs identified and
constructed a layered architecture, which allows for the explicit representation
of each of these information needs for the purposes of courseware validation.
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